Background: Magnesium (Mg) is an essential mineral required to regulate body temperature, nucleic acid, and protein synthesis with an important role in maintaining nerve and muscle cell electrical potentials. It may reduce fetal growth restriction and preeclampsia as well as increase birth weight. This study aimed to assess the effects of consuming Mg supplementation during pregnancy on pregnancy outcomes. Materials and Methods: This is a randomized controlled trial with three sixty populated groups of pregnant women. Participants were randomized to treatment or control groups through random table numbers. Participants with Mg serum levels more than 1.9 mg/dl considered as control group A randomly. They just received one multimineral tablet once a day until the end of pregnancy participants with hypomagnesemia consider as Group B and C. Participants in Group B received one multimineral tablet daily until the end of pregnancy. Participants in Group C received 200 mg effervescent Mg tablet from Vitafit Company once daily for 1 month, and also they consumed one multimineral tablet from Alhavi Company, which contains 100 mg Mg, once a day until the end of pregnancy. Intrauterine growth retardation, preterm labor, maternal body mass index, neonatal weight, pregnancy-induced hypertension, preeclampsia, gestational diabetes mellitus, cramps of the leg Apgar score were compared between three groups. Results: In all pregnancy outcomes, Group C that received effervescent Mg tablet plus multimineral showed a better result than other groups, and frequency of complications of pregnancy was fewer than the other two groups and showed a significant difference. Conclusion: Mg supplement during pregnancy likely decrease probability occurrence of many complications of pregnancy. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
Introduction
Magnesium (Mg) is one of the essential minerals needed by humans in substantial large amounts. Mg work with many enzymes to regulate body temperature, synthesis nucleic acids, and proteins as well as maintaining electrical potentials in nerves and muscle membranes. [1, 2] Mg also has an important role in modulating vasomotor tone and cardiac excitability. Mg is used widely in many foods; dairy products, breads and cereals, legumes, vegetables, and meats are all good sources. [3] It is, therefore, not surprising that frank Mg deficiency has never been reported to occur in healthy individuals who eat varied diets. However, processing of the above foods can lead to high depletion of Mg. [4, 5] Common causes of Mg deficiency include inadequate dietary intake or gastrointestinal absorption, increased losses through the gastrointestinal or renal systems, and increased the requirement for Mg, such as in pregnancy. [6, 7] There are many important complications during pregnancy (gestational diabetes mellitus [GDM] , pregnancy-induced hypertension [HTN] , leg cramps, and preeclampsia), and a lot of them will occur the first time in pregnancy. Many of these complications are due to pregnancy or risk of occurrence that will increase during pregnancy so there are many diagnosis criteria such as Apgar score, birth weight, intrauterine growth retardation [IUGR] , and preterm birth.
A study measuring serum Mg during low-risk pregnancies reported that both ionized and total serum Mg were significantly reduced after the 18 th week of gestation compared to measurements before this time.
Dietary intake studies during pregnancy consistently demonstrate that many women, especially those from disadvantaged backgrounds, have intakes of Mg below the recommended levels. [9] Although present in grains, green vegetables, and seeds, insufficient Mg intake is common, especially in low-income regions. Adolescents and women are more prone to Mg deficiency. [10] It is recommended that women consume 280 mg of Mg/day, [11] increasing in pregnancy. [12] Most Mg (99%) is intracellular, such that serum levels have a low accuracy for Mg deficiency. [13] Total and ionized Mg ++ are inversely associated with gestational age in pregnancy. [14] Mg deficiency in pregnancy has been associated with a higher risk of chronic HTN, preeclampsia, placental dysfunction, and premature labor. [15] More recent data suggest that maternal Mg supplementation in pregnancy may have other perinatal benefits. Treatment was begun after 22 weeks' gestation in most women and was sustained for a mean of about 28 days in both groups. The risk of the primary outcome of hypoxic-ischemic encephalopathy was nonsignificantly lower in the Mg ++ group, but the overall event rate was lower than expected in both groups. Interestingly, the risk of third trimester stillbirth was lower in Mg group. [16] In a retrospective study of medical records reported that Mg supplementation during pregnancy was associated with a reduced risk of fetal growth retardation and preeclampsia. [17] In addition, there are many evidence that Mg supplementation during pregnancy may lead to prevent some pregnancy complications and improved many health indicators and pregnancy outcomes; [18] [19] [20] [21] [22] [23] but as stated by others, there is not enough high-quality evidence to show that Mg supplementation during pregnancy is beneficial. [24] Thus, according to the above mentioned, Mg supplementation during pregnancy may be able to reduce growth restriction of the fetus and preeclampsia (high blood pressure and protein in the urine during pregnancy) and increase birth weight. This study aimed to assess the effects of Mg supplementation on pregnancy outcome by randomized controlled trial with this dosage of Mg, In the previous studies, they use different dosage.
Materials and Methods
In this randomized controlled trial study, the required sample size was calculated as 60 patients in each group (totally 180 patients) using sample size formula to compare the two means' value at 95% confidence level, the power of 80% and considering the standard deviation (SD) of serum Mg levels in the normal population which is about 1.5 mg/dl and also taking into account the significant differences between the two groups as (d = 0.75).
To continue the study, 180 pregnant women were recruited into three randomized groups. Maternal serum Mg levels of pregnant women with gestational age 12-14 weeks were measured and those whose serum Mg levels were <1.9 mg/dl selected. Participants were randomized to treatment or control groups through random table numbers. Participants with Mg serum levels more than 1.9 mg/dl considered as control Group A randomly. They just received one multimineral tablet once a day until the end of pregnancy (N = 60). Participants with Mg levels <1.9 consider as Group B and C. Participants in Group B received one multimineral tablet daily until the end of pregnancy (N = 60). Participants in Group C received 200 mg effervescent Mg tablet from Vitafit company once daily for 1 month, and also they consumed one multimineral tablet from Alhavi Company, that contains 100 mg Mg, once a day until the end of pregnancy (N = 60) [Chart 1].
We compared the outcomes of pregnancy, including IUGR, preterm labor, maternal body mass index (BMI), neonatal weight, pregnancy-induced HTN, preeclampsia, GDM, cramps of the leg, and Apgar score between three groups. Inclusion criteria were: have tendency to involve in this study and sign the agreement; single pregnancy; gestational age 12-14 weeks; lack of acute renal disease; hypomagnesemia in interventional group and normal Mg; lack of history chronic HTN; lack of history of overt diabetes; lack of history of severe anemia; lack of history of diagnostic heart disease; lack of anomaly in this pregnancy and previous ones; lack of use cigarette and alcohol; lack of molar pregnancy; lack of acute pancreatitis; multiparty.
Exclusion criteria were: withdrawal the study; inappropriate use of Mg; intractable vomiting.
Participants selected from the population that referred to hospital clinics. Individuals who fulfill the inclusion criteria invited to participate in this study. The trial protocol was in accordance with the Declaration of Helsinki and was approved by the Research and Ethics Committee of Isfahan University of Medical Sciences.
The trial was registered under trial registry code IRCT2015121925611N1 at the National Registry for Clinical Trials, which is a member of the World Health Organization. After providing detailed information, informed consent was signed by the participant, and oral assent from participants was obtained.
The Statistical Package for Social Sciences (SPSS) version 20.0 for Windows (SPSS, Chicago, IL, USA) was used for statistical analysis. Descriptive data were expressed as mean ± SD. Frequency tables were generated for relevant variables. Proportions were compared with the Pearson Chi-square test. A low Apgar score at 1 or 5 min was defined as a score of 7 or less. For comparisons of continuous variables in three groups, we used one-way analysis of variance (ANOVA). P < 0.05 was considered statistically significant.
Results
The baseline characteristics of multiparous pregnant women in three groups were shown in Table 1 . As shown in Table 1 , no significant difference in all variables of the characteristics of the study population, except for a history of diabetes that was significantly different between three groups (P = 0.006). Table 2 shows the standard weight gain according to BMI. For each group, we calculated difference weight in early of pregnancy and weight in delivery. Then, for all category of BMI in three groups, calculate the excess weight gain. Chi-square test did not show a significance difference between three groups, although the percentage of excess weight gain had different in three groups. The Figure 1 shown the excess weight gain in three groups of the study. Type of delivery and sex of neonate have been shown in Table 3 . Table 4 shows the frequency of pregnancy outcomes between groups. We compared the frequency of IUGR, preterm birth, low birth weight (LBW), preeclampsia, GDM, cramps of the leg, Apgar score, stillbirth, and premature rupture of membranes with Pearson Chi-square test between three groups. A low Apgar score at 1 or 5 min was defined as a score of 7 or less. Furthermore, the mean weight of neonate between groups was assessed by one-way ANOVA. As shown in Table 4 , in all pregnancy outcome, Group C that received effervescent Mg tablet plus multimineral tablet showed a better result than other groups and frequency of pregnancy complications as said above 
Discussion
The present study showed the preventive effect of oral Mg tablet in the many of pregnancies with difficulty. Moreover, because this study set a normal group without hypo Mg, we found that hypo Mg may be a risk factor for some pregnancies with complications.
The results of the present study showed that Mg supplement administered to mothers' antenatal leads to a reduction in many bad pregnancy outcomes. Many studies have examined the therapeutic or preventive effect of Mg in pregnancy outcomes, and some of them supported our findings. Czeizel et al., in agreement with our result, found that effect of periconceptional multivitamin on 5502 pregnant females was positive and increase fertility. [25] In addition, our results showed that IUGR was considerably reduced in oral Mg supplement groups compared with other two groups. Likewise, Roman et al. showed that maternal oral Mg supplementation reduced pregnancy-induced IUGR by 64% and suppressed cytokine/chemokine levels in the individual amniotic fluid and placentas. [26] Today, the importance of Mg during pregnancy has been more understanding. Various studies focus on the effect of Mg on prevention or treatment of numerous pregnancy complications or pathological condition in pregnancy period. [24] Mg has an important role in homeostasis, enzyme system, and bone calcium stability. [27] As we found the beneficial effect of Mg on our oral mg supplement group such as decrease preeclampsia (P = 0.018), lower preterm birth (P = 0.044) as well as lower rate of LBW (P = 0.002), in the various clinical studies which were reviewed by Duley in 2010 [28] and McDonald in 2012, [29] it has also been declared that efficiency of Mg during pregnancy is noticeable, and Mg prevents many bad effects in pregnant women, and Mg component like MgSO 4 found to be efficient for preeclampsia and eclampsia.
Our evaluation demonstrated that all pregnancy outcomes such as preeclampsia (P = 0.018), IUGR (P < 0.001), preterm birth (P = 0.044), LBW (P = 0.002), GDM (P = 0.003), cramps of leg (P < 0.001), Apgar score (under 7) (P = 0.006), birth weight (continuous) (P = 0.002), and Apgar (continuous) (P = 0.01) was significantly better in Mg received group than control and multimineral tablet used groups. In accordance with our results, Shaikh et al. in his observational study found that in many pregnancy outcomes such as toxemia of pregnancy, preterm birth, Intra Uterine Growth Restriction (IUGR), and leg cramps, and pregnant women with hypo Mg have more frequent complications than normal groups. [30] Another investigation done by Doyle et al. demonstrated that Mg intakes of 513 women toward the end of the first trimester of pregnancy (300 mg/day) was associated with optimum birth weight, length, and head circumference. [31] We used 300 mg Mg pill for our Mg received group same as Doyle et al. did [31] although in the other studies they used various doses. [32] In addition, it would be beneficial for control group to administrate low-dose Mg. [32] We believe that the standard methodological usage should be created to use worldwide as the standard pattern as it recently has been noticed and discussed comprehensively. [33] Mg is pivotal element for preventing some diseases during whole pregnancy. Mg has been stablished to be used for avoiding some unwanted condition. It could be used by food intake among pregnant women. [34] [35] [36] Furthermore, Mg has various physiological benefits. Numerous studies assessed the effect of Mg supplement in preventing of preeclampsia in pregnant women. Bullarbo et al. in a clinical trial designed study concluded that Mg supplementation prevents increasing of diastolic blood pressure during the last weeks of pregnancy. [37] Rudnecki et al. in a double-blind, randomized controlled study found that using Mg chloride until the end of pregnancy has a positive effect on decreasing of blood pressure during pregnancy and delivery time. [38] In agreement with them, we also found oral mg supplement group had lower rate of preeclampsia (P = 0.018). In addition, in a study by Dawson, the result showed that preeclampsia women had lower range of Mg compared to the nonpreeclampsia women. [18] Our assessments revealed that Mg had a beneficial effect on preventing of LBW (P = 0.002). Similar to our findings, in a double-blind, randomized controlled study which was done on 985 pregnant women, using of Mg aspartate was beneficial for preventing of preterm light weight children and also preterm deliveries. [39] Other investigations also proved our result in term of low-weight delivery. [40] 
Conclusion
Mg has a pivotal role in various body homeostasis, especially pregnancy period. Undoubtedly, the functioning of Mg in many different organs has already established. According to our result and other researchers' findings, it should be said that Mg supplement during pregnancy could decrease the probability of occurrence of many complications of pregnancies. We believe that using the right dose of Mg plays a crucial role in the treatment of unwanted pregnancy disorders as well as preventing of preterm weight, LBW, and preeclampsia.
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